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-3C if freezing is stopped as soon as a frozen area appears.
With rapid freezing rates there is more likelihood of homogeneous nucleation with minimal damage to the choroid because of the smaller ice crystals formed.
Constant monitoring of cryogenic lesions is essential to prevent over-freezing of the retina and excessive vitreous cooling. A small manceuvrable probe is absolutely essential for this purpose.
A very thin Joule-Thomson probe 1 mm in diameter is being constructed for intravitreal surgery. It can be utilized for the incarceration of giant retinal breaks with an inverted retinal flap.
Cataract study: The adhesion strength during cryoextraction is very interesting. These figures can only be obtained if the probe is applied at ambient temperatures and then freezing commenced.
The forces required to extract rabbit lenses with varying traction axes are being further investigated. They are of great practical significance in the analysis of techniques used for routine cryoextraction but seem to confirm an earlier hypothesis (Amoils 1965) .
In the extraction of subluxated and dislocated lenses very rapid freezing rates were required from a warm probe introduced into the eye and the Joule-Thomson probe was ideal. A Jose Barraquer double-pronged needle was used to stabilize the lens and also to prevent vitreous loss in the former type of case (Amoils 1966) . Mr Joseph Conway (Institute ofOphthalmology, London, and Eye Unit, Whipps Cross Hospital, London) Cryosurgery of the Ciliary Body During the past year, experiments have been undertaken at the Institute of Ophthalmology, to determine the effect in rabbits of partial freezing of the ciliary body.
Bietti (1950) applied solid carbon dioxide over the ciliary body of rabbits and humans, and obtained a temporary reduction of intraocular pressure. He used this procedure in some cases of glaucoma. Polack & de Roetth (1964) demonstrated a lowering of intraocular pressure with a decrease in aqueous flow and a compensatory decrease in outflow facility. Histological studies showed that freezing caused destruction of cellular elements with rapid regeneration of ciliary epithelium. McLean & Lincoff (1964) reported that after cryosurgery of the ciliary body, either the intraocular pressure returned to normal or with excessive freezing (-120°C encircling operation) phthisis bulbi ensued. Krwawicz & Szwarc (1965) reported the use of cyclocryo-application to reduce the intraocular tension in some forms of glaucoma.
The purpose of this investigation was to study the reaction and the histological changes in the normal rabbit eye to freezing areas over the ciliary body, also to measure the variation of intraocular pressure.
The cryoprobe used in the following experiments was developed in conjunction with the International Research & Development Co.
Cold nitrogen gas is derived from a 10 litre Dewar flask which contains an electrical heater for boiling off the liquid. The gas passes through a flexible tube into the probe which it cools. The gas is evacuated to the air through a side tube ( Fig 1) .
The rate of cooling is manually controlled by varying the rate at which electrical energy is supplied to the heater, and hence the rate at which the nitrogen gas passes through the probe. The temperature range is from +370C to -110°C and is monitored by a thermocouple in the probe-tip.
Method
The eye was ancsthetized with Novesine 04 % following intramuscular injection of promazine (25 mg). The cryoprobe was applied on the conjunctiva, 1 mm from the limbus with the eye proptosed manually. Six consecutive applications for one minute were made over the temporal half of the eye. Two eyes were treated for two minutes. A total of 14 eyes (12 pigmented, 2 albinotic) were treated, and the fellow eyes were used for control examimation and measurement. The intraocular pressure in the treated and control eyes was measured at intervals and the eyes clinically examined with the loupe, ophthalmoscope and slit-lamp microscope for periods up to eight weeks. The eyes were removed for histological study at intervals from one day to eight weeks. in which the rabbit must be held for tonometry and the Schiotz readings can show a wide variation. In spite of this, it was obvious that the tension in the treated eye was lowered (Figs 2 and 3 ). The prototype of the Perkins (1965) hand-held aplantation tonometer then became available, and Professor Perkins kindly allowed me to use this instrument for these experiments. It employs the same principles as the Goldmann tonorneter but is held in the hand and does not require a slit lamp. This is a more satisfactory method of tonometry, as it is done with the animal in its normal position and does not require another pair of hands. A white indicator was used instead of fluorescein. Different white indicator materials were tried and 10% arachis oil emulsion, stabilized with acacia, was finally used. A measured amount of the white indicator (0005 ml) per tonometry was found satisfactory. RABBIT by a rise of pressure, reaching a maximum of between two and three times the pre-operative TIVE AVEPA;ESJ value in ten to twenty minutes (Fig 4) . Thereafter the pressure and was approximately back to normal in two to five weeks (Figs 5, 6, 7 and 8) . One of the eyes treated with -100°C for six applications of two minutes had a lowered pressure for seven weeks. Clinical effects: The treated eyes showed a mild iridocyclitis, with ciliary injection over the treated area, moderate aqueous flare, and a few cells in the anterior chamber. This cleared spontaneously within two weeks, when the eyes appeared normal. There was no evidence of damage to the conjunctiva, sclera, cornea or lens. A few minutes after freezing the pupil was 1 5 to 3 mm smaller than the control eye, but this anisocoria, which is presumably due to the inflammatory reaction in the iris, recovered within twenty-four hours. Histology: The eyes were enucleated at intervals, from one day to eight weeks after freezing. After twenty-four hours the ciliary body showed an acute inflammation with congestion, cedema and cysts of the ciliary processes (Figs 9 and 10) . The non-pigmented layer was detached by exudate, forming vesicles. This indicated a violent reaction and thatthe intraocular pressure had been lowered acutely. Similar vesicles may be produced by repeated tapping oftheanteriorchamberinrabbits (Greef 1902) . The blood vessels in the ciliary body were distended with hTmorrhages into the stroma.
Four days after freezing, there was episcleritis at the treated sites, but the adjacent sclera showed no evidence of inflammation ( Fig I1) . The iris stroma was hamorrhagic, with thromboses of blood vessels and vacuolation of the pigment layer (Fig 12) . The ciliary body showed development of the inflammatory reaction with cedema, congestion, stromal hmmorrhage, cysts in the ciliary processes and extensive destruction of the epithelium with liberation of pigment.
There was some haemorrhage into the anterior and posterior chambers (Fig 13) .
One week after freezing, the inflammatory reaction had decreased with disappearance of the ciliary cysts. The non-pigmented layer of the ciliary epithelium showed signs of regeneration, but this was not evident in the pigment layer ( Fig  14) . In one eye there was evidence of lens damage. The equatorial epithelium was irregular and thickened with mitotic activity. Two weeks after freezing, the episcleral reaction had settled. The non-pigmented layer of the ciliary epithelium had reformed irregularly with several layers in some places (Fig 15) . Thereafter there was resolution of the inflammatory reaction and evidence of atrophy of the treated areas of the ciliary body. The cells of the pigment layer had disintegrated with scattering of pigment. The non-pigmented layer, irregular in appearance, showed in some places abnormally pale nuclei, and these cells were probably nonfunctional. Gonin's principle of sealing the retinal breaks (Gonin 1925) as the sheet anchor of retinal detachment repair remained unchanged through the thick and thin of the surgical refinements which followed. The source of heat required to produce an inflammatory reaction in the choroid for this sealing to be effected became established as diathermy since 1930 (Weve 1930) . The use of very low temperatures (CO2 -acetone), like many other attempts at local irritants, was tried (Schoeler 1918 , Deutschmann 1933 , Bietti 1934 ) and abandoned. Modern industrial application of cryogenics and rapid development of techniques led to the present renewal of ophthalmic interest in cryopexy, as opposed to diathermy, for detachment surgery.
The main cause of dissatisfaction with diathermy is its damaging effect on the sclera. To penetrate to the choroid at adequate levels, the heat produces coagulation necrosis of the sclera with subsequent atrophy. With the use of plastic materials for scleral buckling these necrotic areas easily become sites of infection, exo-or endogenous; the necrotic sclera pressed by plastic material and cut off from the rest of the orbit by the formation of a buckle, encourages bacterial multiplication and leads to uveitis, complicating this type of operation.
I have been trying full thickness scleral indentation procedures for several years, off and on, as every next case of uveitisfollowed usually by
